A study has been made in working coal-miners of the repeatability of ventilatory tests, anthropometric measurements, and the answers to a questionnaire on respiratory symptoms.
From the Pneumoconiosis Field Research of the National Coal Board (RECEIVED FOR PUBLICATION OCTOBER 3, 1958) A study has been made in working coal-miners of the repeatability of ventilatory tests, anthropometric measurements, and the answers to a questionnaire on respiratory symptoms.
On the first visit especially, there was evidence of a continuous increase in both forced expiratory volume (F.E.V.) and forced vital capacity (F.V.C.) from the first to sixth expirations at the same visit but it was minimal after the first expiration. No difference between the beginning and end of a shift was found. The effect on the F.E.V. and F.V.C. readings of the day of the week and time of day at which the examination was made was negligible. The observations recorded in Scotland were 15 % higher than those obtained in South Wales. Between the beginning and end of shift there was a small reduction in weight and in standing and sitting height measurements.
The repeatability of the answers to the questionnaire was good. No consistent difference was found between doctor and clerk observers.
In 1956 it was decided to include follow-up studies of ventilatory function as part of the medical examinations carried out by the Pneumoconiosis Field Research of the National Coal Board (Fay, 1957; Fay and Rae, 1959) . In routine surveys in this scheme the mineworkers are all volunteers. This implies that they may present themselves for examination on any day of the week and either before or after working a shift. It was therefore considered necessary to examine the reproducibility of the proposed measurements. Investigations were carried out at a colliery in Fife and a colliery in South Wales before the routine surveys were started, to study the following factors:-
(1) The variability in the measurements of the one-second forced expiratory volume (F.E.V.) and forced vital capacity (F.V.C.) at the same visit; (2) the effect of working a shift; (3) the effect of the time of day at which the man was examined; (4) the effect of the day of the week on which the man was examined; (5) the observer error when making measurements of F.E.V., F.V.C., standing height, sitting height, and weight; (6) the reproducibility of a short questionnaire on respiratory symptoms.
Design
The design of the trial was conditioned by the need to investigate the effect of the day of the week and the time of day at which the various tests were applied. As it was thought that the age and occupation of the subject might also have some effect on the results, account was also taken of these factors. At each colliery the working population was divided into five arbitrary age classes (under 30 years, 31-40, 41-50, 51-60, and 60 and over) and five arbitrary occupational classes, of which two covered faceworkers, two covered non-faceworkers underground, and one covered surface workers. Each of these 25 groups was further subdivided into three subgroups, in terms of shift worked (days, afternoons, or nights) on the first of the two weeks during which the trial was carried out. The subjects for examination were then chosen at random, one from each of the 75 subgroups. To obtain a balance between the days of examination on the first and second weeks of the trial and between the five age and five employment classes a 5 x 5 Graeco-Latin square design was applied for each of the three shifts worked on the first week of the trial. In this way one man working on each of the day, afternoon 114 and night shifts on the first week of the trial was examined on each of the 25 possible combinations, that is (Mon., Mon.), (Mon., Tu.), (Mon., Wed.), . . . (Th., F.), (F.F), of days of examination on the first and second weeks. Each man was examined four times in all, before (visit 1) and after (visit 2) the working shift on the specified day of the first week and before (visit 3) and after (visit 4) the working shift on the second week of the trial. The majority of men worked a different shift on the first and second weeks. When any of the selected subjects was absent on the first week of the trial a reserve chosen at random from the appropriate subgroup was included in his place. No man refused to cooperate and all men carried out the four visits, although a few did not report on the specified day on the second week and were examined on another day later in the same week.
It must be emphasized that the Graeco-Latin square design was used solely to obtain a satisfactory balance between the various factors which were thought to be relevant. The statistical treatment conventionally adopted for designs of this type was not, in fact, applied, in view of the doubts about the validity in this particular application of some of the assumptions on which such analyses are based, and each factor was examined separately in the analysis of the results. For (Gaensler, 1951) as modified by the M.R.C. Pneumoconiosis Research Unit (Carpenter, Cochrane, Gilson, and Higgins, 1956) . With this apparatus, error arising from differences in abruptness of starting expiration is reduced by starting the timing cycle after the expulsion of the first 100 ml. of air. The calibrations of four new models of this apparatus were checked and compared by the introduction of known volumes of air from a test rig at the M.R.C. Unit and their timing cycles set using a chronotron. The calibration was checked before each examination session by confirming that when a weight attached round the pulley was allowed to fall the volume recorded on the scale was constant. During each session the water round the bell was kept at 20+ 20C. McKerrow, McDermott, Gilson, and Schilling (1958) found that the volume measurement of a similar piece of apparatus was accurate to ± 1-5% and the time to i2-0%. All measurements were made by one Scottish and one Welsh observer.
(2) At both collieries separate measurements were made by each of two observers of weight, standing height, and sitting height.
(3) Respiratory symptoms were recorded using a questionnaire similar to that used by Higgins, Oldham, Cochrane, and Gilson (1956) . The questionnaire was asked of each man on both weeks of the trial, once by a doctor and once by a clerk. A randomization was applied to determine whether doctor or clerk applied the questionnaire first and also whether this was before or after shift. To minimize any observer effect extra probing questions were not allowed (Wood, 1958) .
Results (A) Ventilatory Capacity
(1) Variation within Visits.-At the first visit the variation in the average F.E.V. and F.V.C. with expiration number and age is shown in Table 1 . All four visits are taken together in Fig. 1 . At both collieries the differences in both F.E.V. and F.V.C. between expiration 1 and the average of expirations 2-6 were significant. The order of magnitude of these differences was about 1 % for the colliery in Scotland and 2% for the colliery in South Wales. In Scotland a single practice estimation of the F.E.V. and F.V.C. was carried out in all subjects at an introductory visit. In South Wales there was no such introductory visit and the subject's first expiration on visit 1 was his first experience of the equipment. The rise in F.E.V. and F.V.C. with expiration number was less marked with increasing age (Table 1 ) and was less apparent in surface than in faceworkers. Values for expiration 1 were rejected in all subsequent analyses.
(2) Variation between Beginning and End of Shift.-The variation in the ventilatory and anthropometric measurements between the beginning and end of the shift may be examined by comparing the average results obtained on each visit (Fig. 2) . Visits 1 and 2 were made at the beginning and end of the first shift on which the man was examined and visits 3 and 4 were made at the beginning and end of the second shift. The main feature of the observations was the fall in both F.E.V. and F.V.C. on visit 3, which was most marked at the Scottish colliery. There was no evidence of any consistent difference between the beginning and the end of the shift at either colliery. The differences between F.V.C. values for visit 3 and the mean of visits 1, 2, and 4 were of the order of 1 % in Scotland and 0*5% in South Wales. The corresponding differences for F.E.V. were both about 2%. When the effect of occupation is taken into account (Table 2) it will be seen that the greatest decrease on visit 3 was in faceworkers and the least in surfaceworkers. (Table 4a ). The standard deviations given in Table 4b represent a summation of the variability from expiration to expiration on the same occasion (Table 4a ) and the variability in average performance between the beginning and end of a shift. At the Scottish colliery the F.E.V. was only slightly less variable than the F.V.C. but at the Welsh colliery the F.E.V. was more reproducible than the F.V.C. The standard deviations given in Table 4c represent a summation of the variability from day to day, between the beginning and end of the shift on the same day and from expiration to expiration on the same visit. A comparison with Table 4b suggests that while variation, both in F.E.V. and F.V.C. from day to day at the Scottish colliery was small, that at the Welsh colliery was larger and the F.V.C. was the more variable of the two measurements. (The absolute value of the F.V.C. measurements was, of course, greater than that of F.E.V., and if this fact is taken into account, it is apparent that the proportional variation of F.V.C. was very little different and if anything slightly smaller than that of the F.E.V.) (B) Weight and Height.-The differences between observers were negligible.
Weight.-Although there were wide individual variations, there was an average loss of weight of 1-15 lb. during a shift. The greatest losses were in elderly faceworkers.
Height.-Between the beginning and end of a shift there was an average fall in standing and sitting height of 0-25 cm. The greatest falls in standing and sitting height were in young faceworkers.
(C) Answers to Questionnaire.-In general the answers obtained by doctor and clerk were in close agreement. A summation is given in Table 5 of the replies to individual questions.
Discussion
The work of Fry, Ebert, Stead, and Brown (1954) and Hyatt, Schilder, and Fry (1958) suggests that the degree of lung inflation may affect the ventilatory capacity. Thus the observed rise in F.E.V. and F.V.C. with expiration number may have been due to the stretching of the lung by the successive inspirations. This explanation would not be inconsistent with the findings that the rise was still discernible at the fourth visit, was greater in faceworkers than in surfaceworkers, and was greater in younger men.
The low mean F.E.V. and F.V.C. at visit 3 (before a shift) is difficult to explain. The decrease was most Furthermore, local meteorological office records do not suggest that the atmospheric conditions on the second weeks of both the Scottish and Welsh trials differed consistently from those on the corresponding previous weeks.
Gielen ), McKerrow et al. (1958 ), and Worth, Valentin, Venrath, Gasthaus, and Hoffmann (1956 found a tendency for the ventilatory capacity to increase during a working shift in coal-miners; these observations were not confirmed in the present study. In contrast to the effect noted in men suffering from byssinosis (Schilling, Hughes, Dingwall-Fordyce, and Gilson, 1955; McKerrow et al., 1958 ) the ventilatory capacity of coal-miners was not related to the day of the week.
The simplest explanation of the higher ventilatory capacities in Scotland than in South Wales would be that there were differences between observers or instruments. In view of previous knowledge of the similar findings of Higgins and Cochran (1958) great care was taken before the experiment to minimize the possibility of a difference in the instruments having been responsible. The possibility remains that the responsibility for the apparent geographical differences lay with the inexperience of the observers. With the apparatus used, readings of F.E.V. were more easy to observe accurately than those of F.V.C. and, correspondingly, the differences between the Scottish and Welsh F.E.V.s and F.V.C.s were 10% and 18% respectively. As judged by the repeatability of the observations (Table 4) , the observer at the Welsh colliery was considerably less competent than the one at the Scottish colliery. A difference in air temperature of 10°C. between Scotland and Wales could not have produced more than a 5 % discrepancy in air volumes. Furthermore, the Scottish and Welsh vehicles and other equipment were identical and the water around the spirometer bells was kept at 20 ± 2°C. While the standing height of the Scottish men was greater by more than 3 cm., their sitting height was only 1 cm. greater so that nearly all the height difference must have been due to a difference in length of the legs (Higgins and Cochran, 1958) ; the mean weight of the Scotsmen was only 5 lb. more than that of the Welshmen. This leaves most of the difference in ventilatory capacity still to be accounted for. Unlike the findings of Higgins and Cochran, in the present study the prevalence of respiratory symptoms was higher in South Wales than in Scotland and this may have been related to the difference in ventilatory capacities found.
Differences in procedure and apparatus make it difficult to compare the repeatability of the ventilatory capacity measurements with that observed by other workers (Gilson and Hugh-Jones, 1949) ; Gray, Barnum, Matheson, and Spies, 1950; Friend, 1955) . However, Higgins, Oldham, Merrick, and Dunsdon (1956) , with apparatus similar to that used in the present study, obtained closer repeatability, presumably due to their greater experience in its use.
The fall in height during a shift was probably the gradual diurnal fall in height while in the erect posture (Backman, 1924 
